
REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
objections and rejections contained in the Office Action of July 8, 2002 is respectfully requested. 

In order to make necessary editorial corrections, the entire specification and abstract have 
been reviewed and revised. As the revisions are quite extensive, the amendments to the 
specification and abstract have been incorporated into the attached substitute specification and 
abstract. For the Examiner's convenience, a copy of the marked-up original specification and 
abstract is also enclosed, and the marked-up pages are captioned " Version with markings to 
show changes made ". The substitute specification and abstract includes the same changes as are 
indicated in the marked-up copy of the original specification. No new matter has been added by 
the revisions. Entry of the substitute specification is thus respectfully requested. 

The Examiner has objected to the drawings under 37 CFR 1 .83(a). In particular, the 
Examiner asserts that a through-hole defined between adjoining fluid paths in conjunction with a 
partition as recited in original claims 18 and 19 is not shown in any of the drawings. In this 
regard, the Examiner is requested to note that claims 18 and 19 have now been canceled, and no 
corresponding claims with the combination of elements discussed by the Examiner have been 
submitted. Therefore, it is submitted that the Examiner's objection to the drawings has been 
overcome. 

The Examiner has rejected claims 18-19 under 35 USC §112, second paragraph, as being 
incomplete for omitting essential elements. However, as explained above, original claims 18-19 
have been canceled and none of the new claims correspond to original claims 18 and 19. Thus, it 
is respectfully submitted that the Examiner's rejection under §1 12 has been overcome. 

The Examiner has rejected claim 14 as being anticipated by the Damsohn reference (USP 
5,718,286); has rejected claims 14-17 as being anticipated by the Matsunaga reference (USP 
5,392,849); has rejected claims 18 and 19 as being unpatentable over the Matsunaga reference in 
view of the Yuasa reference (USP 5,409,058); and has rejected claim 20 as being unpatentable 
over the Damsohn reference or the Matsunaga reference in view of the Ito reference (USP 
5,761,81 1). However, as shown above, original claims 14-20 have been canceled and replaced 
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with new claims 21-38, including new independent claims 21, 27, 30, and 33. For the reasons 
discussed below, it is respectfully submitted that new claims 21-38 are clearly patentable over the 
prior art of record. 

New independent claim 21 is directed to a plate heat exchanger that comprises a partition 
member arranged in the first passageway of each of the first passageway plates and/or the second 
passageway of each of the second passageway plates so as to divide the first passageway and/or 
the second passageway into two sections with respect to a widthwise direction of the passageway. 
As explained on page 16, line 26 through page 17, line 5 of the original specification, providing a 
partition member which divides the passageway into two sections increases the speed of the fluid 
flowing through the passageway. Thus, the heat transfer efficiency will be increased due to the 
increase in speed of the fluid. In addition, the partition member increases the joining area between 
the passageway plates so as to increase the mechanical strength of the heat exchanger. 

The Damsohn reference discloses a heat transfer device including a plate sandwich 
structure in which the plates have flow ducts (passageways) formed therein. However, the 
Damsohn reference does not disclose or suggest a partition member arranged in a first 
passageway and/or a second passageway so as to divide the passageway into two sections. Thus, 
it is submitted that the Damsohn reference does not anticipate or even suggest the invention 
recited in new independent claim 21 . The Matsunaga reference discloses a layer-built heat 
exchanger including plates having channels 1 1 formed by dividers 12. However, the Matsunaga 
reference also does not disclose or even suggest a partition member arranged in a first passageway 
and/or a second passageway so as to divide the passageway into two sections. Therefore, it is 
submitted that the Matsunaga reference does not anticipate or suggest the invention recited in 
new independent claim 2 1 . 

The Ito reference and the Yuasa reference disclose heat exchanging devices including 
plates or fins. However, the Ito reference and the Yuasa reference also do not , either alone or in 
combination, disclose or suggest a partition member arranged as recited in new independent claim 
21 . Therefore, one of ordinary skill in the art would not be motivated by the references to modify 
either the Damsohn reference or the Matsunaga reference so as to obtain the invention recited in 
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new independent claim 21 . Accordingly, it is respectfully submitted that independent claim 21 
and the claims that depend therefrom are clearly patentable over the prior art of record. 

New independent claim 27 is directed to a method of making a plate heat exchanger. 
Specifically, a plurality of plates are shaped by pressing to form two fluid passageways in the 
plates, and the fluid passageways are not in communication with each other. The pressing 
includes pressing against a first surface of each of the plates toward a second surface of each of 
the plates. Solder paste is coated on the first surface of each of the plates, and the plates are 
stacked so that second surface of each plate does not adjoin the second surface of an adjacent 
plate. The plates are then heated while holding the plates in close contact with each other. 

In the method of claim 27, the solder paste is coated on the first surface of each of the 
plates, which is the surface that is pressed so as to form the fluid passageways. Therefore, no 
burrs will project outwardly from the first surface, which is also coated with solder paste. 
Therefore, as explained on page 21, line 25 through page 22, line 2 of the original specification, 
the tools used to coat the solder paste onto the surface of the plates will not be damaged by the 
burrs. Finally, because the plates are stacked so that the second surface of each plate does not 
adjoin the second surface of an adjacent plate, burrs will not be formed on adjoining surfaces of 
the plates. As a result, the plates can be held in close contact with one another and can be 
securely connected by the solder paste by brazing. 

The Damsohn reference, the Matsunaga reference, and the Yuasa reference all disclose 
various types of heat exchanger devices. However, these references do not , either alone or in 
combination, disclose or suggest a method of making a plate heat exchanger including pressing 
against a first surface of each of a plurality of plates toward a second surface, and then coating 
solder paste on the first surface of each of the plates. 

Nonetheless, the Examiner asserts that the Ito reference discloses a brazed heat exchanger 
with plates 13, 31 having brazing material on one side thereof, and that this reference provides the 
motivation to modify the Damsohn or Matsunaga reference. The Ito reference discloses a method 
of assembling a cooling apparatus, including applying brazing material on one end of each of a 
plurality of fins 13, 31 so that the fins 13,31 can be brazed to a plate 12. However, the Ito 
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reference does not disclose or suggest shaping plates by pressing against a first surface of each of 
the plates toward a second surface of the plates, coating solder paste on the first surface of the 
plates, and stacking the plates as recited in claim 27. Therefore, one of ordinary skill in the art 
would not be motivated to modify or combine the Ito reference, the Damsohn reference, the 
Matsunaga reference, and/or the Yuasa reference in order to obtain the invention recited in new 
independent claim 27. Accordingly, it is respectfully submitted that independent claim 27 and the 
claims that depend therefrom are clearly patentable over the prior art of record. 

New independent claim 30 is directed to a plate heat exchanger in which a first 
passageway of each of the first passageway plates and a second passageway of each of the second 
passageway plates has generally U-shaped turning portions. The first passageway of each of the 
first passageway plates and/or the second passageway of each of the second passageway plates 
has a substantially uniform width along a lengthwise direction thereof. As explained on page 13, 
lines 3-9 of the original specification, providing passageways that have a substantially uniform 
width will allow fluids to flow through the passageway smoothly so as to increase the 
performance of the heat exchangers. Furthermore, the U-shaped turning portions allows the 
overall size of the heat exchanger to be minimized, even if the passageways are extremely long, so 
as to provide sufficient heat exchange area. 

As explained above, the Damsohn reference discloses a heat transfer device including 
plates having fluid passages formed therein. However, the Damsohn reference does not disclose 
or suggest fluid passageways that have U-shaped turning portions. The Matsunaga reference 
discloses a heat exchanger formed with a plurality of plates, and the plates appear to have U- 
shaped passageways formed therein. However, as clearly shown in Figs. 2, 4, 9, 13, and 21 of the 
Matsunaga reference, the U-shaped turning portions clearly do not have a substantially uniform 
width along a lengthwise direction thereof. In contrast, the bends of each of the U-shaped 
portions are substantially wider than the remaining portions of the passageways. Therefore, it is 
submitted that the Damsohn reference and the Matsunaga reference do not anticipate or suggest 
the invention recited in new independent claim 30. 
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The Yuasa reference discloses a heat exchanging apparatus, and the Ito reference discloses 
a method for manufacturing a cooling apparatus, but these references also do not disclose or 
suggest a plate heat exchanger including passageways having generally U-shaped turning portions, 
in which the passageways have a substantially uniform width along a lengthwise direction thereof. 
Therefore, one of ordinary skill in the art would not be motivated by the Yuasa reference or the 
Ito reference to modify the Damsohn reference or the Matsunaga reference so as to obtain the 
invention recited in new independent claim 30. Accordingly, it is respectfully submitted that 
independent claim 30 and the claims that depend therefrom are clearly patentable over the prior 
art of record. 

New independent claim 33 is directed to a plate heat exchanger that comprises first 
passageway plates and second passageways plates, in which each of the passageway plates has 
straight portions connected by generally U-shaped turning portions. Each of the passageway 
plates has a through-hole formed therein between adjoining straight portions of the respective 
passageway, and partition plates arranged between the passageway plates have a through-hole 
formed therein so that the through-holes of the passageway plates can communicate with each 
other. 

As explained on page 18, line 28 through page 19, line 7 of the original specification, the 
through-hole arranged between adjoining straight portions of the passageway of each passageway 
plate prevents heat transfer from occurring between the straight portions of the passageway. 
Thus, heat exchange between the fluids flowing through the separate passageways is improved. 

The Damsohn reference, the Matsunaga reference, and the Ito reference disclose heat 
exchangers, but do not disclose or suggest through-holes formed between adjoining straight 
portions of passageways as recited in new independent claim 33. Nonetheless, the Examiner 
asserts that the Yuasa reference discloses a heat exchanger in which each plate 40 has a plurality 
of first passageways 65 and a plurality of second passageways 66, and through-holes 61 are 
arranged between the first passageways and the second passageways so as to accommodate a 
third heat exchange medium. However, the Yuasa reference does not disclose or suggest first 
passageways plates, second passageway plates, and partition plates having through-holes formed 
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therein so that the through-hole of each of the first passageway plates communicates with the 
through-hole of each of the second passageway plates. Moreover, item 61 (as shown in Fig. 9 of 
the Yuasa reference) does not indicate a through-hole, but instead indicates passages for 
conducting cooling water therethrough (see column 7, line 55 through column 8, line 7). 
Therefore, it is submitted that one of ordinary skill in the art would not be motivated by the Yuasa 
reference to modify the Damsohn reference, the Matsunaga reference, or the Ito reference so as to 
obtain the invention recited in new independent claim 33. Accordingly, it is respectfully submitted 
that claim 33 and the claims that depend therefrom are clearly patentable over the prior art of 
record. 

In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. However, if the Examiner should have any comments or 
suggestions to help speed the prosecution of this application, the Examiner is requested to contact 
the Applicant's undersigned representative. 



WDH/mc 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
November 8, 2002 



Respectfully submitted, 
Satoshi MATSljMOTO eft al. 




Attorney for Applii 
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Vp^nnwithMarkingsto DESCRIPTION 

fthow Changes Made 

Plate Heat Exchanger and Method of Making Same 

Technical Field 

The present invention relates to plate heat exchangers employing, as 



heat exchange fluids, a liquid and a two-phase fluid-undergoing a phase change in 
vapor and liquid phases to exchange heat between them." 

10 Background Art 

The plate heat exchangers generally include a stack of metal plates 
having separated passageways defined therein through which heat exchange fluids 
flow to exchange heat therebetween. The plate heat exchangers have a large 
surface area per volume and can be made compact. Because they can be made 

15 with a lesser amount of material, they gradually surpass tube and shell heat 
exchangers in use. In ordinary plate heat exchangers, outer peripheral portions of 
the plates or header holes are sealed with gaskets, and the plates are mechanically 
fixed. Although they can be taken apart and cleaned, they have the disadvantage of 
being limited in the range of temperature or pressure of the fluids to be used. 

20 Japanese Laid-Open Patent Publication No. 63-137793 discloses an 

improved plate heat exchanger that can overcome the above-described problem 
inherent in the ordinary plate heat exchangers. This heat exchanger includes metal 
plates piled up one upon the other, in which fluid passageways are formed by 
punching and each of them is defined within the thickness of a metal plate. This heat 

25 exchanger has the same advantages as those of the ordinary plate heat exchangers, 
and because the metal plates having the fluid passageways are completely secured 
together, the heat exchanger does not impose a large limitation in the range of 
temperature or pressure of the fluids to be used. 

Attachment "B" 



Fig. 8 depicts such v plate heat exchanger, a portion of which is taken 
apart for ease of understanding. As shown therein, the plate heat exchanger 
includes a plurality of passageway plates 81 each having passageways 86 defined 
therein as penetrations, ar\4 v a plurality of passageway piafes 82ekch similarly having 
5 passageways 87 defined therein as penetration£p|)l o|v^^ piled up alternately 
with a partition plate 83 interposed between adjacent passageway plates 81, 82. A 
stack of these plates 81 , 82, 83 is sandwiched between a pair of end plates 84, 85. 

Each passageway plate 81 has through-holes 92a ( 92b defined therein 
in addition to the passageways 86, while each passageway plate 82 similarly has 
10 through-holes 95a, 95b defined therein in addition to the passageways 87. Each 
partition plate 83 has through-holes 93a, 93b, 94a, 94b defined therein. The end 
plate 84 has inlet and outlet pipes 88, 89 for a heat exchange fluid A, and inlet and 
outlet pipes 90, 91 for another heat exchange fluid B, all of which are secured thereto. 
The passageways 86 in each passageway plate 81 and the passageways 87 in the 
15 adjacent passageway plate 82 are separated by a partition plate 83 and cross at right 
angles. 

The heat exchange fluid A enters the heat exchanger through the inlet 
pipe 88 secured to the end plate 84, passes through the through-holes 94a, 95a, and 
enters the passageways 86 formed in the passageway plates 81. The heat 

20 exchange fluid A that has passed through the passageways 86 is discharged from the 
heat exchanger via the through-holes 95b, 94b and then via the outlet pipe 89. On 
the other hand, the heat exchange fluid B enters the heat exchanger through the inlet 
pipe 90 secured to the end plate 84, passes through the through-holes 92a, 93a, and 
enters the passageways 87 formed in the passageway plates 82. The heat 

25 exchange fluid B that has passed through the passageways 87 is discharged from the 
heat exchanger via the through-holes 93b, 92b and via the outlet pipe 91 . At this 
moment, the heat exchange fluid A flowing through the passageways 86 exchanges 
heat, through two partition plates 83 disposed above and below it, with the heat 



V 3 ^ 

exchange fluid B flowing through the passageways 87. 

The conventional plate heat exchanger of the above-described 
construction has the following drawbacks. 

Because the-heat exchange fluids A, B form cross- or rectangular- 
5 current flows that are ir^f>eat exchange relationship and because the cross- or 
rectangular-current flows are inferior in heat transfer efficiency to countercurrent flows, 
the conventional plate heat exchanger referred to above requires a heat transfer area 
greater than that required by a heat exchanger of the countercurrent flow type to 
obtain a predetermined heat transfer capacity, resulting in an increase in size of the 

1 0 heat exchanger. In order to enhance the heat transfer ability on the side of the heat 
exchange fluid A in the heat exchanger, if the heat transfer area is increased by 
elongating the passageways 86, it becomes necessary for the passageways 87 
adjoining them via the partition plates 83 to be increased in number or in width. In 
either case, the total sectional area of the passageways 87 increases, and the speed 

15 of the heat exchange fluid B decreases, resulting in a reduction in the heat transfer 
ability of the heat exchange fluid B. 

Diffused junction, bonding, brazing or the like is preferably employed to 
join the plates together in the plate heat exchanger. 

In the diffused junction, a stack of plates is pressurized under vacuum 

20 and heated to a temperature slightly less than the melting point of the material of the 
plates. Because the plates are joined together by virtue of diffusion of the material in 
the vicinity of the mating surfaces of the plates, a considerably large load is required 
for the application of pressure during joining, thus requiring relatively large pressure 
equipment. Accordingly, it is difficult to mass-produce the plate heat exchangers at a. 

25 low cost. 

Bonding is generally carried out by first coating the bonding surfaces of 
the plates with, for example, an epoxy-based bonding agent, and by subsequently 
conducting heat curing treatment on the plates that have been piled up one upon the 
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other. Because the joining by bonding is poor in pressure resistance or heat 
resistance of the bonded portions, the use pressure or temperature of the heat 
exchangers is considerably limited. 

On the other hand, brazing is generally carried out by first coating the 
5 bonding surfaces of the plates with a solder or brazing material having a melting point 
lower than that of the plates, and by subsequently heating the plates, which have 
been piled up one upon the other, to a temperature greater than the melting point of 
the solder. The melted solder is diffused into the plates to join them. 

In view of the manufacturing equipment or pressure resistance of the 
1 0 heat exchangers, brazing is generally employed in joining the plates. However, if the 
degree of contact between the neighboring plates during brazing is bad, a gap or gaps 
are created in the brazed portions of the plates, thus causing leakage of the heat 
exchange fluids. By way of example, passageways or through-holes are formed in 
the passageway plates or the partition plates by pressing or punching and, hence, 



1 5 burrs are formed on the processed portions of the platesTn the^i^tion^pres^ng or 
punching. When the^plates are piled up, contact of such burrs considerably 
deteriorates the^^egree of contact between the neighboring plates, resulting in poor 
brazing. 

The^present invention has been developed to overcome the above-> 

20 described disadvantages. 

It is accordingly an objective of the present invention to provide a small- 
sized inexpensive plate heat exchanger having an enhanced performance and a 
method of making the same, in which two fluids that ar/in^at exchange relationship 
flow in opposite directions. 

25 Another objective of the present invention is to provide a plate heat 

exchanger having enhanced reliability and a method of making the same, in which the 
mechanical strength required for a pressure vessel is increased or the plates are 
positively secured together. 




In accomplishing the above and other objectives, the plate heat 
exchanger otohe-$resent invention^ficfudes a pair of end plates extending parallel to 
±[Oi\{e^af&&^ra\\iy of plates 'sandwiched between the pair of end plates and 
: A ^-assageways defined therein that are not in fluid communication with each 
other, (v»te©Eetnytwo fluids flow through the two passageways in a countercurrent 
fashion. 

Because the countercurrent flows are superior in heat transfer efficiency, 
it is possible to enhance the performance and reduce the size of the plate heat 
1 0 exchangers. 

The plurality of plates may include a plurality of first passageway plates 
each having a first passageway defined therein, a plurality of second passageway 
plates each having a second passageway defined therein, and a plurality of partition 
plates. The plurality of first passageway plates and the plurality of second 

15 passageway plates are piled up alternately with one of the plurality of partition plates 
interposed between neighboring first and second passageway plates. The first and 
second passageways are aligned with each other, and first and second fluids flow 
through the first and second passageways, respectively, in the countercurrent fashion. 

In the above-described construction, if the partition plates are thicker 

20 than the first or second passageway plates, the mechanical strength required for a 
pressure vessel is increased, thus enhancing the reliability of the plate heat 
exchangers. 

Furthermore, if the first and second passageway plates have an 
identical shape, the same plates can be commonly used therefor. Accordingly, the 
25 plate structure is extremely simplified, making it possible to further reduce the 
manufacturing cost of the plate heat exchangers. 

Alternatively, each of the plurality of plates may be a passageway plate 
having first and second passageways defined therein that adjoin and extend parallel 
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to each other, wherein first and second fluids flow through the first and second 
passageways, respectively, in the countercurrent fashion. 

By this construction, because the first and second fluids exchange heat 
in the countercurrent fashion and because the plate structure is simplified, it is 
5 possible to enhance the performance of the plate heat exchangers and reduce the 
manufacturing cost and size of the plate heat exchangers. 

If the plurality of plates are shaped by pressing and piled up so that 
punching directions thereof during pressing coincide, contact of burrs that have been 
created on the plates by pressing is avoided. As a result, the degree of contact 
10 between the plates is enhanced, thus increasing the yield during manufacture of the 
plate heat exchangers. 

A partition may be provided in at least one of the first and second 
passageways to divide it into two in a widthwise direction thereof. This construction 
reduces the width and sectional area of the passageway and increases the speed of 
1 5 the fluid that flows therethrough, thus enhancing the heat transfer efficiency. Also, 
the provision of the partition increases the mechanical strength required for the heat 
exchangers as pressure vessels and, hence, the performance and reliability of the 
plate heat exchangers are further enhanced. 

Conveniently, the first and second passageways have generally U- 
20 shaped turning portions. By this construction, even if the passageways are 
extremely long, the length or width of the heat exchangers can be considerably 
reduced, resulting in compact plate heat exchangers. 

If at least one of the first and second passageways has substantially the 
same width in the direction of length thereof, the fluid flows smoothly therethrough. 
25 Accordingly, deterioration in heat transfer efficiency that has been hitherto caused by 
a stay of fluid is prevented, thus further enhancing the performance of the plate heat 
exchangers. 

Each of the plurality of passageway plates may have a through-hole 
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defined therein between adjoining fluid paths of each of the first and second 
passageways. In this case, the through-holes of the plurality of passageway plates 
communicate with one another. By this construction, because heat transfer between 
the same fluid in the adjoining fluid paths is completely blocked, the performance of 
5 the plate heat exchangers is further enhanced. 

If the plurality of passageway plates are made of resinous material, the 
weight of the plate heat exchangers is reduced. In this case, if the partition plates 
that provide heat transfer surfaces are formed of metallic material or resinous material 
such as graphite having a high heat transfer rate, the performance of the heat 

10 exchangers is not reduced. 

In another aspect of the present invention, a method of making a plate 
heat exchanger is characterized by shaping the plurality of plates by pressing, 
performing plating on opposite surfaces of at least some of the plurality of plates, 
piling up the plurality of plates so that punching directions thereof during pressing 

1 5 coincide, and heating the plurality of plates under the condition in which the plurality of 
plates are held in close contact with one another. 

According to this method, when the plates are piled up, contact of burrs 
formed thereon during pressing is avoided and, hence, the degree of contact between 
the plates is enhanced. Accordingly, the plates are positively joined together by 

20 plating and subsequent brazing, making it possible to enhance the yield and provide 
reliable plate heat exchangers. 

Alternatively, the step of performing plating may be replaced by the step 
of coating with paste solder those surfaces of the plurality of plates that are positioned 
on an upstream side thereof in a punching direction during pressing. The use of the 

25 paste solder that is cheaper than plating reduces the manufacturing cost of the plate 
heat exchangers. Also, because the solder is coated on the upstream side surfaces 
of the plates with respect to the punching direction during pressing, i.e., on the 
surfaces of the plates on which no burrs project, jigs or tools such as masks to be 
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used during coating are not appreciably damaged by the burrs, thus enhancing the 
reliability of the plate heat exchangers. 



Brief Description of the Drawings 
5 Fig. 1 is an exploded perspective view of a plate heat exchanger 

according to a first embodiment of the present invention. 

Fig. 2 is a top plan view of a passageway plate mounted in the plate 
heat exchanger of Fig. 1 . 

Fig. 3 is an exploded perspective view of a plate heat exchanger 
1 0 according to a second embodiment of the present invention. 

Fig. 4 is an exploded perspective view of a plate heat exchanger 
according to a third embodiment of the present invention. 

Fig. 5 is an exploded perspective view of a plate heat exchanger 
according to a fourth embodiment of the present invention. 
15 Fig. 6 is a sectional view taken along line VI-VI in Fig. 1, depicting a 

method of making a plate heat exchanger. 

Fig. 7 is a sectional view taken along line VI-VI in Fig. 1, depicting 
another method of making a plate heat exchanger. 

Fig. 8 is an exploded perspective view of a conventional plate heat 

20 exchanger. 



Detailed Description of thd Rpefet^= QzibMm e^ 




Preferred embodiments of the present invention are described 
hereinafter with reference to the drawings. 
25 (Embodiment 1) 

Fig. 1 depicts a plate heat exchanger according to a first embodiment of 
the present invention, with a portion thereof taken apart for ease of understanding of 
the interior structure thereof. 
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This plate heat exchanger includes a plurality of plates sandwiched 
between a pair of end plates extending parallel to each other, with a plurality of 
separate passageways defined in some of the plates. The plurality of passageways 
are not in fluid communication with each other and are defined in different plates. 
The directions of flow of fluids in the plurality of passageways^are-essentially opposite 
to each other. , Q ^ 




More specifically, as shown in FigM, a plurality of passageway plates 1 



each having a passageway 6 defined therein as a penetration for the passage of a 
heat exchange fluid A and a plural ity *bf passageway plates 2 each having a 
10 passageway 7 defined therein as a penetration for the passage of a heat exchange 
fluid B are piled up^lternately and sandwiched between a pair of end plates 4, 5, with 
a partition plate 3 interposed between adjacent passageway plates 1, 2. The 
passageways 6, 7 are aligned with each other with a partition plate 3 interposed 
therebetween. The~^directions of flow of the heat exchange fluid A in the 



passageways" 6 and they heat exchange fluid B in the passageways 7 are 
countercuVentSvith respect to each other. 
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Eachfpassageway plate 1 has through-holes 12a, 12b defined therein in 
addition to the passageway 6, while each passageway plate 2 similarly has through- 
holes 15a, 15b defined therein in addition to the passageway 7. Each partition plate 

20 3 has through-holes 13a, 13b, 14a, 14b defined therein. When the passageway 
plates 1, 2 are piled up with a partition plate 3 interposed therebetween, an inlet 
header or space 16 for the heat exchange fluid A is formed by a portion .of each 
passageway 6 and the through-holes 14a, 15a. An outlet header 17 for the heat 
exchange fluid A, an inlet header 18 for the heat exchange fluid B, and an outlet 

25 header 19 for the heat exchange fluid B are similarly formed. 

The end plate 4 has inlet and outlet pipes 8, 9 for the heat exchange 
fluid A, and inlet and outlet pipes 10, 11 for the heat exchange fluid B, all of which are 
secured thereto. The inlet and outlet pipes 8, 9 are in fluid communication with the 




inlet and outlet headers 16, 17 for the heat exchange fluid A, respectively. Similarly, 
the inlet and outlet pipes 10, 11 are in fluid communication with the inlet and outlet 
headers 18, 19 for the heat exchange fluid B, respectively. 

As shown by a solid arrow in the figure, the heat exchange fluid A enters 
5 the inlet header 16 through the inlet pipe 8 secured to the end plate 4, and then enters 
the passageways 6 formed in the passageway plates 1 . The heat exchange fluid A 
that has passed through the passageways 6 is collected in the outlet header 17 and is 
discharged outside through the outlet pipe 9. On the other hand, as shown by a 
dotted arrow in the figure, the heat exchange fluid B enters the inlet header 18 through 

10 the inlet pipe 10 secured to the end plate 4, and then enters the passageways 7 
formed in the passageway plates 2. The heat exchange fluid B that has passed 
through the passageways 7 is collected in the outlet header 19 and is discharged 
outside through the outlet pipe 11 . At this moment, the heat exchange fluid A flowing 
through each passageway 6 exchanges heat, through the two partition plates 3 

15 disposed above and below it, with the heat exchange fluid B flowing through the 
passageways 7. 

As shown in Fig. 1, because all the passageways 6 and the 
passageways 7 are aligned with or confront each other except in the vicinity of the 
headers with a partition plate 3 interposed between the neighboring passageways 6, 7, 

20 the heat exchange fluids A, B exchange heat in a countercurrent fashion. In general, 
the countercurrent flows are superior in heat transfer efficiency to the cross- or 
rectangular-current flows or the parallel flows as employed in the conventional plate 
heat exchangers. Accordingly, the countercurrent flows between the heat exchange 
fluids A, B make it possible to enhance the performance and reduce the size of the 

25 plate heat exchangers. 

It is to be noted here that although in the above-described construction 
the partition plates 3 may have the same thickness as the passageway plates 1, 2, the 
partition plates 3 may be thicker than one of the passageway plates 1 , 2. 
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More specifically, in the plate heat exchangers having passageways 



each extending across the thickness of a plate, the thickness of the passageway^ . 

[\<* DeTetmiAtlA/lr) 
plates 1 corresponds to the height of the passageways 6 and is a factori jo ^termj no^ 

the speed of the heat exchange fluid A flowing through the passageways 6. On the 

other hand, the thickness of the partition plates 3 that are heat transfe 

during heat exchange between the heat exchange fluids AJ3j$ua4acigrtJfe^ 

the heat resistance during the heat exchange and also^essteteflatsejpe pressure 

resistance of the heat exchangers. In designing the plate heat exchangers 

particularly in view of the pressure resistance thereof, the operating pressures of the 

10 heat exchange fluids A, B, the physical properties of~the plate nmtenak and the 

rrbSA /that \ 

partition wall configurations (width, thickness) ofUa^portionsl^as^teyform the 

passageways are parameters to be taken into account; 

Accordingly, the mechanical strength required for a pressure vessel can 

be enhanced by making the partition plates 3 thicker than at least one of the 

15 passageway plates 1, 2, resulting in reliable plate heat exchangers^ 

Furthermore, the passageway plates 1, 2 may\{3iwf/the same shape. 

^HFhBTisVthe passageway plates 2 may be the sameTDlates^s-thei3assageway-plale^4^ 

V-# -the l a t te r arc GQo hVijTied 1 80° in a horizolqtal planeHvhen the passageway plates^ 

2 are piled up with a partition plate 3 interposed between the neighboring passageway 



20— ^plates 1,~2~ irthe-oassageway plates 2 are turned 180° in respective horizontal 
^_|3lanes; the passageways 7 and the thra^b-holes 15a, 15b in the passageway plates 
2 completely conform in configuratior(vwtt)^he passageways 6 and the through-holes 
12b, 12a in the passageway plates 1, respectively. 

Accordingly, if the passageway plates 1 , 2 are identical in shape, the 
25 same plates can be commonly used for the passageway plates 1,2. As a result, the 
plate structure is considerably simplified, making it possible to reduce the 
manufacturing cost of the plate heat exchangers. 

It is preferred that the external shapes of the passageway plates 1 ,2 and 
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the partition plates 3, and the passageways and through-holes in the passageway 
plates 1, 2 and the partition plates 3 are shaped by pressing, and all the plates are 
piled up so that the punching directions thereof during pressing may coincide. 

In general, when through-holes are formed in plates by pressing, 
5 projections or burrs are formed along the contour of the through-holes. Such burrs 
are created on a plate surface positioned on the downstream side of the plates with 
respect to the punching direction during the pressing. When the plates are piled up, 
if the burrs on a plate are brought into contact with those on adjacent plates, the 
degree of cont^cMDet^ plates is deteriorated, resulting in poor joining. 

10 However, if theWtog^ the punching directions may coincide, the 

contact of the^ burrsvls avoid ed^ncKhe degree of contact between the plates is 
enhanced, making it possible to increase the yield during the manufacture of the plate 
heat exchangers. 

As shown in Fig. 1, each of the passageways 6, 7 has generally U- 
1 5 shaped turning portions 20, 21 . The provision of such turning portions 20, 21 makes 
it possible to form not only straight passag'eways^but passageways o^any other 



shapes suctt for examplejasyectang^r^fles^pr^ the^prates. This 



means that even if the passageways are extremely long, the length or width of the 
heat exchangers can be considerably reduced, resulting in compact plate heat 
20 exchangers. 

Furthermore, as shown in Fig. 2, either the passageways 6 or the 
passageways 7, or both of the/n^may have substantially the same width along the 
length thereof (Fig. 2 particularly aepicts the passageways 6). 



The passageways 6 have headeTpbrtions 22, 23 formed on opposite 
25 sides therefof^artid gkc h^ee osMMiod ^ portio n of thqjnlet or outlet header for the heat 
exchange fltna tf^afwalso have straight portions 24 and turning portions 20, both of 
which are in fluid communication with the header portions 22, 23. The width T1 of 
the straight portions 24 and the width T2 of the turning portions 20 are set to be 
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substantially the same. This applies to the passageways for the heat exchange fluid 
B. 

If the width of the passageways is not substantially the same alqrjgjhe 
length thereof and, in particular, if the turning portions of the passageways ( aro w ^ a 
5 rectangular shape, this means that corners exist in the passageways. When the 
heat exetlange fluid£>asses the corners, it is hindered from flowing smoothly* and a 
portion, hereof y is apt to stay at such corners. This phenomenon hinders heat 
exchange between the passageways through the partition plates and deteriorates the 
performance of the heat exchangers. 

10 If the width of the passageways 6 is substantially the same along the 

length thereof, in particular, at the straight portions 24 and at the turning portions 20, 
the heat exchange fluid A flows smoothly without staying at the turning portions 20 of 
the passageways 6, thus further enhancing the performance of the plate heat 
exchangers. The same is true for the passageways 7 that confront the passageways 

15 6. 

(Embodiment 2) 

Fig. 3 depicts a plate heat exchanger according to a second 
embodiment of the present invention: 

This plate heat exchanger includes a plurality of plates sandwiched 
20 between a pair of end plates and each having a plurality of separate passageways 
defined therein as penetrations that are not in fluid communication with each other. 
The directions of flow of fluids in the plurality of passageways are essentially opposite 
to each other. 

More specifically, as shown in Fig. 3, a plurality of passageway plates 31 x 
25 each having passageways 34, 35 defined therein as penetrations are piled updone 
upon the other and sandwiched between a pair of end plates 32, 33. The 
passageways 34, 35 adjoin and extend parallel to each other to form respective 
boustrophedonic fluid paths. The directions of flow of the heat exchange fluid A in 
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the passageways 34Nanc^the heat exchange fluid B in the passageways 35 are 
countercurrenMvith respect to each other. 

Each passageway plate 31 has an inlet header 40 and an outlet header 
41 formed at opposite ends of the passageway 34, and also has an inlet header 42 
5 and an outlet header 43 formed at opposite ends of the passageway 35. 

The end plate 32 has inlet and outlet pipes 36, 37 for the heat exchange 
fluid A, and inlet and outlet pipes 38, 39 for the heat exchange fluid B, all of which are 
secured thereto. The inlet and outlet pipes 36, 37 are in fluid communication with the 
inlet and outlet headers 40, 41 for the heat exchange fluid A, respectively. Similarly, 
10 the inlet and outlet pipes 38, 39 are in fluid communication with the inlet and outlet 
headers 42, 43 for the heat exchange fluid B, respectively. 

The heat exchange fluid A enters the inlet header 40 through the inlet 
pipe 36 secured to the end plate 32, and then enters the passageways 34 formed in 
the passageway plates 31. The heat exchange fluid A that has passed through the 
15 passageways 34 is collected in the outlet header 41 and is discharged outside 
through the outlet pipe 37. On the other hand, the heat exchange fluid B enters the 
inlet header 42 through the inlet pipe 38 secured to the end plate 32, and then enters 
the passageways 35 formed in the passageway plates 31 . The heat exchange fluid 
B that has passed through the passageways 35 is collected in the outlet header 43 
20 and is discharged outside through the outlet pipe 39. At this moment, the heat 
exchange fluid A flowing through the passageways 34 exchanges heat, through 
partitions 44 positioned between the passageways 34, 35, with the heat exchange 
fluid B flowing through the passageways 35. 

As shown in Fig. 3, because all the passageways 34 and the 
25 passageways 35 adjoin and confront each other except in the vicinity of the headers 
with the partitions 44 interposed therebetween, the heat exchange fluids A, B 
exchange heat in a countercurrent fashion. 

Because the plate heat exchanger of the above-described construction 
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does not require the partition plates as shown in Fig. 1, but requires only the 
passageway plates 31, and because all the passageway plates 31 have the same 
shape, the plate structure can be simplified, making it possible to enhance the 
performance of the piate heat exchangers and to reduce the size and manufacturing 
5 cost of the plate heat exchangers. 

As is the case with Embodiment 1 , the degree of contact between the 
plates can be.enpanced by shaping the passageway plates 31 by pressing, and by 
piling up^a^Hhe/plates so that the punching directions thereof during pressing may 
coincide. 

10 Moreover, as is the case with Embodiment 1, the provision of the 

generally U-shaped turning portions in the passageways 34, 35 can further reduce the 
size of the plate heat exchangers. Also, if either the passageways 34 or the 
passageways 35, or both of the^h^ve substantially the same width in the direction of 
length of the passageways, the performance of the plate heat exchangers is further 

15 enhanced. 

(Embodiment 3) 

Fig. 4 depicts a plate heat exchanger according to a third embodiment of 

the present invention. ((fipjr &eotf) j 

This plate heat exchanger includes a plurajityj6f^„ssageway plates 51 
20 each having a passageway 56 define~cf therein aspsKpenetration for the passage of a 
heat exchange fluid/A) and a plurality^ passageway plates 52 each having a 

passageway 57 defined therein as a penetration for/tfieTpassage of a heat exchange 

f (sTfidOfr) 7 

fluid B. These passageway plates 51, 52 are pilen up Alternately and sandwiched 
between a pair of end plates 54, 55, with a partitionptate 53 interposed between 
25 adjacent passagewa\Tplate^\51 , 52. The passageway 56 in each passageway plate 
51 is divided i nto \^o f \ n jhe^widthwi se direction thereof by a partition^. / 

Each passageway plate 51 has through-holes 62aT62£> defined therein 
in addition to the passageway 56, while each passageway plate 52 similarly has 
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through-holes 65a, 65b defined therein in addition to the passageway 57. Each 
partition plate 53 has through-holes 63a/63B, 64^64b defined therein. When the 
passageway plates 51, 52 are pilecAup ^with^a partition plate 53 interposed 
therebetween, an inlet header or space 66 for the heat exchange fluid A is formed by 
5 a portion of each passageway 56 and the through-holes 64a, 65a. An outlet header 
67 for the heat exchange fluid A, an inlet header 68 for the heat exchange fluid B, and 
an outlet header 69 for the heat exchange fluid B are similarly formed. 

The end plate 54 has inlet and outlet pipes 58, 59 for the heat exchange 
fluid A, and inlet and outlet pipes 60, 61 for the heat exchange fluid B, all of which are 
1 0 secured thereto. The inlet and outlet pipes 58, 59 are in fluid communication with the 
inlet and outlet headers 66, 67 for the heat exchange fluid A, respectively. Similarly, 
the inlet and outlet pipes 60, 61 are in fluid communication with the inlet and outlet 
headers 68, 69 for the heat exchange fluid B, respectively. 

The heat exchange fluid A enters the inlet header 66 through the inlet 
15 pipe 58 secured to the end plate 54, and then enters the passageways 56 formed in 
the passageway plates 51 . The heat exchange fluid A that has passed through the 
passageways 56 is collected in the outlet header 67 and is discharged outside 
through the outlet pipe 59. On the other hand, the heat exchange fluid B enters the 
inlet header 68 through the inlet pipe 60 secured to the end plate 54, and then enters 
20 the passageways 57 formed in the passageway plates 52. The heat exchange fluid 
B that has passed through the passageways 57 is collected in the outlet header 69 
and is discharged outside through the outlet pipe 61. At this moment, the heat 
exchange fluid A flowing through each passageway 56 exchanges heat, through the 
two partition plates 53 disposed above and below it, with the heat exchange fluid B 
25 flowing through the passageways 57. 

As shown in FfgT^^^^^the provision of the parti(jon^2 JbjxJividing 
the passageway 56 into twc/inthe widthwis£"direction thereof reduces the full width 
and the sectional area of the passageway 5€^ v the speecp6f the heat exchange fluid A 
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that flows through the passageway 56 is increased. In general, an increase in speed 
of the fluid enhances the heat transfer efficiency. Also, the provision of the partition 
v 72 enlarges the joining area between the passageway plate 51 and the partition plate 
53, thus increasing the mechanical strength required for the heat exchangers as 
5 pressure vessels. 

Accordingly, the above-described construction further enhances the 
performance and reliability of the plate heat exchangers. 
^ I" „, e p,a,e naa, axchanoer Sh 0»„ in R 9 . 3^0 _ e«ec,s can 

* bjk obtained if a partition is provided in at r^ast one of each passageway 34 or each 
passageway 35 to divide it intlj two^in the^yidthwise direction thereof. 
(Embodiment 4) 

Fig. 5 depicts a plate heat exchanger according to a fourth embodiment 
of the present invention. 

This plate heat exchanger has substantially the same construction as 

15 that shown in Fig. 1 and includes a plurality of passageway plates 51 each having a 
passageway 56 defined therein as a penetration for the passage of a heat exchange 
fluidp^and a plurality of passageway plates 52 each having a passageway 57 defined 
therein as a penetration for the passage of a heat exchange fluid B. These 
passageway plates 51, 52 are piled up alternately and sandwiched between a pair of 

20 end plates 54, 55, with a partition plate 53 interposed between adjacent passageway 
plates 51 1 52. The passageways 56, 57 have generally U-shaped turning portions 70, 
71, respectively. In addition, each of the passageway plates 51 has a plurality of 
through-holes or slots 73a defined therein between adjacent fluid paths of the 
passageway 56 (between the upstream and downstream sides of each turning portion 

25 70), while each of the partition plates 53 and each of the passageway plates 52 have 
respective through-holes or slots 73b, 73c aligned with the through-holes 73a so as to 
communicate therewith. The end plates 54, 55 similarly have respective through- 
holes or slots 73d, 73e aligned with the through-holes 73a, 73b, 73c. 
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Each passageway plate 51 has through-holes 62a, 62b defined therein 
in addition to the passageway 56, while each passageway plate 52 similarly has 
through-holes 65a, 65b defined therein in addition to the passageway 57. Each 
partition plate 53 has through-holes 63af6~3b, 64a. 64)d defined therein. When the 



5 passageway plates 51, 52 are piled up ^with^a partition plate 53 interposed 
therebetween, an inlet header or space 66 for the heat exchange fluid A is formed by 
a portion of each passageway 56 and the through-holes 64a, 65a. An outlet header 
67 for the heat exchange fluid A, an inlet header 68 for the heat exchange fluid B, and 
an outlet header 69 for the heat exchange fluid B are similarly formed. 

1 0 The end plate 54 has inlet and outlet pipes 58, 59 for the heat exchange 

fluid A, and inlet and outlet pipes 60, 61 for the heat exchange fluid B, all of which are 
secured thereto. The inlet and outlet pipes 58, 59 are in fluid communication with the 
inlet and outlet headers 66, 67 for the heat exchange fluid A, respectively. Similarly, 
the inlet and outlet pipes 60, 61 are in fluid communication with the inlet and outlet 

15 headers 68, 69 for the heat exchange fluid B, respectively. 



pipe 58 secured to the end plate 54, and then enters the passageways 56 formed in 
the passageway plates 51. The heat exchange fluid A that has passed through the 
passageways 56 is collected in the outlet header 67 and is discharged outside 

20 through the outlet pipe 59. On the other hand, the heat exchange fluid B enters the 
inlet header 68 through the inlet pipe 60 secured to the end plate 54, and then enters 
the passageways 57 formed in the passageway plates 52. The heat exchange fluid 
B that has passed through the passageways 57 is collected in the outlet header 69 
and is discharged outside through the outlet pipe 61. At this moment, the heat 

25 exchange fluid A flowing through each passageway 56 exchanges heat, through the 
two partition plates 53 disposed above and below it, with the heat exchange fluid B 
flowing through the passageways 57. 




The heat exchange fluid A enters the inlet header 66 through the inlet 



As shown in Fig. 5, where the passageways 56 have the generally U- 
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shaped turning portions 70, the heat exchange fluid A that flows through a fluid path of 
one of the passageways 56 not only exchanges heat with the heat exchange fluid B 
through the partition plates 53, but also has a good chance to exchange heat with the 
heat exchange fluid A that flows through neighboring fluid paths of such one of the 
5 passageways 56. In this embodiment, however, because a through-hole 73a is 
formed between the neighboring fluid paths of each passageway 56, heat transfer at 
such portion is completely blocked. The same is true for the passageways 57. 

By the above-described construction, heat exchange between the 
neighboring fluid paths of each passageway is completely blocked, making it possible 
1 0 to further enhance the performance of the plate heat exchangers. 

In the plate heat exchanger shown in Fig. 3 also, the same effects can 
be obtained if.a through-hole is provided between neighboring fluid paths of the same 
passageway 34 or 35. 
(Embodiment 5) 

1 5 A method of making the plate heat exchangers according to the first to 

fourth embodiments of the present invention (shown inRgs. 1 to 5) is discussed 
hereinafter in detail. It is assumed that all the plates Jpe/nade of metallic material 
having superior heat transfer properties such, for example, as stainless steel, copper, 
aluminum or the like. 

20 Fig. 6 is a sectional view taken along the line VI-VI in the plate heat 

exchanger of Fig/Tand clearM depicts the position of solder or plating material when 
the plates are pile<J upV' Th^passageway plates 1, 2 covered entirely with deposits 
26, 27 are piled up one above the other between the upper and lower end plates 4, 5 
with a partition plate 3 interposed between neighboring passageway plates 1 , 2. 

25 The passageways and the through-hpt^sXare^TTrst formfed in the-*"" 

passageway plates 1, 2 and the partition plates 3 l^y^ressjng MhaJJs superior >t > 
mass-productivity. 

Subsequently, plating is performed on the surfaces of the passageway 
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plates 1, 2 in which the passageways and the through-holes have already been 
formed. If the plates are made of stainless steel that is superior in resistance to 
corrosion, it is sufficient if the plating is performed using mainly nickel and phosphorus, 
for example. This plating is generally electroless plating. If the plates are made of 
5 copper having a high heat transfer rate, it is sufficient if the plating is performed using 
mainly silver, for example. 

Furthermore, all the plates are piled up so that the punching directions 
thereof during pressing may coincide as shown by an arrow in the figure. 

Finally, the deposits are fused to join the plates together by heating the 
10 plates held in close contact with one another. 

At this moment, the plates that have been processed by pressing are 
piled up so that burrs formed during pressing may protrude in the same direction. 
Accordingly, deterioration in the degres'of contaht between neighboring plates, which 
has been hitherto caused by contact pf thejxfrrs, is avoided, and the plates are 
15 positively joined together by plating and subsequent brazing, making it possible to 
enhance the yield and provide highly reliable plate heat exchangers. 

The same effects can be obtained with respect to the plate heat 
exchanger shown in Fig. 3, if it is made by a method including the steps of: shaping 
the passageway plates 31 by pressing; performing plating on the opposite surfaces of 
20 the passageway plates 31; piling up the passageway plates 31 so that the punching 
directions thereof during pressing may coincide; and heating the piled passageway 
plates 31 under the condition in which they are held in close contact with one another. 
(Embodiment6) 

Fig. 7 depicts another method of making the plate heat exchangers 
25 according to the first/^fcK fourth embodiments of the present invention. The 
passageway/elates 1,[2(of ivhich only the upper surfaces are coated with solder or 
brazing materiajWe piled up one above the other between the upper and lower end 
plates 4, 5 witfcua partition plate 3, of which only the upper surface is similarly coated 
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with solder or brazing material, interposed between neighboring passageway plates 1 , 
2. 

The passageways and the through-holes, are^first formjbd in th^-v 
passageway plates 1, 2 and the partition plates 3 tty^esWig tYh^s superio^f^ 
5 mass-productivity. 

Subsequently, the plates are coated with solder. Paste solder in which 
powdered solder is mixed with a binder is preferably used for the solder. The coating 
of the paste solder is performed by a printing method such as a silk-screen process 
with the use of a coating mask. In this embodiment, the upper surfaces of the 
10 passageway plates 1 and those of the partition plates 3 disposed below them are 
coated with solder 28a and solder 28b, respectively, using masks that have openings 
of substantially the same shape as that of the openings of the passageway plates 1 . 
The coating of the solder is performed on the surfaces (upper surfaces in the figure) 
positioned on the upstream side of the plates in the punching directions thereof during 
15 pressing: Similarly, the upper surfaces of the passageway plates 2 and those of the 
partition plates 3 disposed below them are coated with solder 29a and solder 29b, 
respectively, using masks that have openings of substantially the same shape as that 
of the openings of the passageway plates 2. Where the plates are made of stainless 
steel, nickel is preferabjy-jjsed for the solder, and where the plates are made of 
20 copper, silver or phospb(or^co|bper is preferably used for the solder. 

Furthermore'; all the plates are piled up so that the punching directions 
thereof during pressing may coincide as shown by an arrow in the figure. 

Finally, the solder component in the paste solder is fused to join the 
plates together by heating the plates held in close contact with one another. 
25 As a result, the plates are positively joined together by brazing using the 

paste solder. The use of the paste solder that is cheaper than plating reduces the 
manufacturing cost of the heat exchangers. Also, because the solder is coated on 
the surfaces of the plates on which no burrs project, jigs or tools such as masks to be 
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used during coating are not appreciably damaged by the burrs, thus enhancing the 
reliability of the plate heat exchangers. 

The same effects can be obtained with respect to the plate heat 
exchanger shown in Fig. 3, if it is made by a method including the steps of: shaping 
the passageway plates 31 by pressing; coating with paste solder the surfaces of the 
passageway plates 31 that are positioned / 6nthe uRstiream side of the plates in the 
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punching directions during pressing; pilinb'up^the passageway plates 31 so that the 
punching directions thereof during pressing may coincide; and heating the piled 
passageway plates 31 under the condition in which they are held in close contact with 
10 one another. 

It is to be noted that although in Embodiments 5 and 6 it is assumed that 
all the plates are made of metallic material, at least the passageway plates may be 
made of resinous material having a small specific gravity such, for example, as Teflon 
sheets depending on the pressure resistance and the heat resistance of the heat 
15 exchangers. 

The use of such material reduces the weight of the plate heat 
exchangers. In this case, if the partition plates 3 are made of metallic material that is 
superior in heat transfer efficiency to the resinous materia!, heat transfer between the 
heat exchange fluids A and B is not deteriorated. Where the passageway plates are 

20 made of resinous material, bonding or welding is preferably used in place of the 
brazing in manufacturing the plate heat exchangprsr The&se of the resinous 
material can reduce the weight and size of the heatxea^angss^while maintaining the 
heat transfer efficiency, compared with the plate heat exchangers in which all the 
plates are made of metallic material. 

25 It is to be noted that all the plates may be made of resinous material 

according to the use environment of the heat exchangers. 
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ABSTRACT 



A plate heat exchanger includes a plurality of plates sandwiched 
between a pair of end plates. Each of the plurality of plates has two passageways 
5 defined therein that are not in fluid communication with each other. Alternatively, 
some of the plurality of plates have a passageway, while some of the remaining plates 
have another passageway. Two fluids flow through the two passageways in a 
countercurrent fashion. Because the countercurrent flows are superior in heat 
transfer efficiency, it is possible to enhance the performance and reduce the size of 
10 the plate heat exchangers. 



